Protein transport into mitochondria by Pfanner, Nikolaus et al.
Hormones and Cell Regulation 
Hormones et Regulation Cellulaire 
Proceedings of the 12th I N S E R M European Symposium on Hormones and 
Cell Regulation, held at Mont Sainte-Odile (France), October 1987 
Sponsored by the Institut National de la Sante 
et de la Recherche Medicale ( I N S E R M ) 
Edited by 
J . Nunez 
J . E . Dumont 
E . Carafoli 
III Mm Libbey UGNDON- PARIS 
I I I 
Contents 
Sommaire 
V Foreword 
V I Αυαηί-propos 
V I I List of participants 
V I I I Liste des participants 
POLYPEPTIDES AND OTHER HORMONES 
POLYPEPTIDES E T AUTRES HORMONES 
3 F. Murad 
Atrial natriuretic peptide, endothelium-dependent vasodilators and nitrovasodilators, 
role of guanylate cyclase and cyclic GMP in their actions. 
Le facteur natriurctique atrial et autres vasodilatateurs: role de la guanylate cyclase 
et du GMP cyclique dans leurs actions. 
13 F. Morel and A. Doucet 
Hormonal control of Na/K-ATPase. 
Controle hormonal de la Na/K-ATPase. 
31 P. Corvol and J . Menard 
Renin inhibition: strategies for the design of renin inhibitors as deduced from the 
renin gene structure. 
Inhibition de la renine : strategies pour la conception d'inhibileurs de la renine deduits 
de la structure du gene renine. 
43 R. Bosselut, C. Glineur, Y. Goldberg, A. Begue and J . Ghysdael 
Thyroid hormone receptors and the erbA family of genes : structural and functional 
relationships. 
Recepteurs des hormones thyro'idiennes el la famille de genes erbA : relations structura-
les el fonctionnelles. 
INTRACELLULAR CLASSIFYING OF PROTEINS 
TRIAGE INTRACELLULAIRE DES PROTEINES 
63 N. Pfanner, F-U. H a r t l and W. Neupert 
Protein transport into mitochondria: a multi-step process. 
Transport des proteines dans les milochondnes: un processus a plusieurs etapes. 
ION CHANNELS 
CANA UXIONIQUES 
73 V. Flockerzi 
Molecular properties of voltage activated calcium channels. 
Proprietes moleculaires des canaux calcium actives par le voltage. 
89 W. Stühmer, Β. Keller, G. Lippe and M.C. Sorgato 
The outer and inner membranes of mice liver giant mitochondria can be patched 
clamped: high conductance ion channels are present in both membranes. 
Les membranes externes et internes des mitochondries geanles de foie de souns peuvent 
elre «patched clamped »: des canaux ioniques de haute conductance sont presents 
dans les deux types de membranes. 
X V I I 
101 N.J. Cook 
The cGMP-gated channel from vertebrate rod photoreceptors. 
Le canal ouvert par le GMPc des photorecepteurs des bätonnets de vertebras. 
115 Μ. Fosset, J . de Weille, Μ. Lazdunski, Η. Schmid-Antomarchi and H . Bernardi 
The receptor for antidiabetic sulfonylureas is the ATP-modulated K + channel 
Le recepteur des sulfonylurees antidiabeliques est le canal K+ module par ΓΑΤΡ. 
127 H . Betz 
Neurotransmitter-gated chloride channels in the central nervous system. 
Canaux chlorures ouverls par les neurotransmetteurs dans le Systeme nerveux central. 
CALCIUM AS A SIGNAL CARRIER 
L E CALCIUM COMME VECTEUR DE SIGNAL 
135 P. Cobbold, R. Cuthbertson and N . Woods 
The generation of repetitive free calcium transients i n a hormone-stimulated hepa-
tocyte. 
Generation de transitions repelitives de calcium libre par des hepalocytes stimulus par 
des hormones. 
147 M .R. Crompton, R . H . Newman, J . M . Hexham and M.J. Crumpton 
p. 68: a new member of the lipocortin family of membrane-associated Ca 2 +-binding 
proteins. 
p. 68: un nouveau membre, parmi les proteines associees aux membranes et Hanl le 
calcium, appartenant a la famille des lipocortines. 
155 T. Jean 
The release of calcium from endoplasmic reticulum: effect of inositol 1,4,5-trisphos-
phate and guanine nucleotides. 
La liberation du calcium ä partir du reticulum endoplasmique: effet des nucleotides 
guanyliques et de Vinositol 1,4,5-tnphosphate. 
167 S. Hashimoto, B. Bruno, P. Volpe, F. Zorzato, T. Pozzan, K.H. Krause, D.P. Lew 
and J . Meldolesi. 
On the nature and function of the calciosome, a cytoplasmic organelle containing 
calsequestrin-like protein(s) which is expressed in non-muscle cells. 
Sur la nature el la fonction du calciosome, une organelle cytoplasmique contenant une 
proteine(s) semblable ä la calsequeslrine qui est exprimee dans les cellules non 
musculaires. 
CALCIUM REGULATING HORMONES 
HORMONES REGULATRICES DU CALCIUM 
183 A. Edelman, J . Fritsch, C.L. T h i l , M . Garabedian, T. Anagnostopoulos and 
S. Balsan 
Membrane effects of parathyroid hormone and vitamin D metabolites in target cells. 
Effets membranaires de la parathormone et des metabolites de la vitamine D sur les 
cellules cibles. 
199 M . Thomasset, J . M . Dupret, N . L o m r i , M . Warembourg, P. Brun , A. Brehier and 
C. Perret 
Vitamine D-induced Ca-binding protein gene: expression, regulation and structure. 
Le gene de la proleine Hanl le calcium induit par la vitamine D: expression, regulation 
et structure. 
215 E.F. Nemeth and A. Scarpa 
Calcium signals and the regulation of parathyroid hormone secretion. 
Signaux calcium et regulation de la secretion de la parathormone. 
227 W. Born and J.A. Fischer 
Calcitonin gene products: biosynthesis and biological properties. 
Produits du gene calcitonine: biosynlhcse et propnetes biologiques. 
X V I I I 
Hormones and cell regulation. Nn 12, iids J. Nunez, J.E. Dumont. K. Carafoti. Colloquc IXSlillM/John Libbcy Burotext Ltd. Ο 1988. Vol. 165, pp. 63-69. 
Protein transport into mitochondria : a multi-step process 
Nikolaus Pfanner, Franz-Ulrich Hart ! and Walter Neupert 
Institut für Physiologische Chemie, Universität Mächen, D-8000 Milchen 2, FRG 
ABSTRACT 
The t r a n s p o r t of precursor proteins from the cytoplasm i n t o mitochondria can be 
resolved i n t o several steps. Precursor p r o t e i n s can be r e v e r s i b l y accumulated 
at d i s t i n c t stages of the import pathway: at the l e v e l of binding t o the 
mitochondrial surface, i n contact s i t e s between outer and inner mitochondrial 
membranes, and i n the mitochondrial matrix, import intermediates can be trapped 
by a number of methods: lowering the temperatures or the l e v e l s of nucleoside 
triphosphates in the import reactions, d i s s i p a t i o n of the mitochondrial 
membrane p o t e n t i a l , and i n h i b i t i o n of the m a t r i x - l o c a t e d processing peptidase. 
The f o l l o w i n g conclusions may be drawn ( i ) precursors s p e c i f i c a l l y bind to 
receptor proteins on the mitochondrial surface; ( i i ) import occurs at 
t r a n s l o c a t i o n contact s i t e s ; ( i i i ) p r o t e o l y t i c processing i s not required f o r 
import i n t o the matrix; and ( i v ) several precursors destined f o r the 
intermembrane space are f i r s t completely imported i n t o the matrix and are then 
retr a n s l o c a t e d across the inner membrane. 
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INTRODUCTION 
The t r a n s l o c a t i o n of precursor proteins from the cytoplasm i n t o mitochondria is 
a m u l t i - s t e p process ( f o r review see Ref. 1). Many precursor p r o t e i n s contain 
amino-terminal presequences which carry s p e c i f i c information f o r t a r g e t i n g to 
mitochondria ( f o r review see Ref. 2). Nucleoside triphosphates are required to 
keep c y t o s o l i c precursors i n an unfolded conformation (3, 4). The precursors 
s p e c i f i c a l l y i n t e r a c t with proteinaceous binding s i t e s on the mitochondrial 
surface (5-9). Import i n t o or across the inner membrane occurs at contact s i t e s 
between both membranes (8, 10-12) and requires a membrane p o t e n t i a l Afy across 
the inner membrane (13-16), Presequences are p r o t e o l y t i c a l l y removed by the 
processing peptidase located i n the mitochondrial matrix (17-20). The p r o t e i n s 
are sorted to t h e i r f i n a l i n t r a m i t o c h o n d r i a l l o c a t i o n and are often assembled 
i n t o m u l t i - s u b u n i t complexes. 
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How can the complex process of mitochondrial p r o t e i n import be studied i n 
d e t a i l ? We decided t o dissect the import r e a c t i o n i n t o several d i s t i n c t steps. 
Precursor proteins are accumulated at d i s t i n c t stages of t h e i r import pathway 
and are f u r t h e r imported a f t e r release of the block. Thus, t r a n s l o c a t i o n 
intermediates are generated. This allows us to i n v e s t i g a t e defined steps of 
p r o t e i n import. 
METHODS TO GENERATE TRANSLOCATION INTERMEDIATES 
The p r i n c i p l e method f o r o b t a i n i n g import intermediates i s t o slow down or t o 
prevent d i s t i n c t reactions which occur on the import pathway of a precursor. 
This block should be r e v e r s i b l e , as i t i s necessary t h a t i t can be r e l i e v e d and 
t h a t the precursors then can move f u r t h e r on the import pathway. This 
demonstrates t h a t the trapped intermediate i s an auth e n t i c import intermediate, 
i . e . i t i s on the c o r r e c t assembly pathway. In most experiments, mitochondria 
i s o l a t e d from the fungus Neurospora crassa and precursor p r o t e i n s 
synthesized i n r a b b i t r e t i c u l o c y t e lysates are used. Several of the described 
t r a n s l o c a t i o n intermediates were also demonstrated i n i n v i v o experiments. 
One important method i s to lower the temperature of the import r e a c t i o n . 
The half-times of many reactions are thereby prolonged and thus the import i s 
slowed down. This allows the t r a n s i e n t trapping of precursors i n contact s i t e s 
between outer and inner membranes (10). 
Nucleoside triphosphates (NTPs) are required f o r u n f o l d i n g c y t o s o l i c 
precursors. With lowered l e v e l s of NTPs, precursors are only p a r t i a l l y unfolded 
and thereby can be accumulated a t the stage of s p e c i f i c b i n d i n g or i n 
t r a n s l o c a t i o n contact s i t e s ( 3 ) . 
The membrane p o t e n t i a l Δ ψ i s required f o r the i n i t i a l entrance of precursors 
i n t o the inner membrane. In the absence of a membrane p o t e n t i a l several 
precursors can s t i l l s p e c i f i c a l l y bind to the outer m i t o c h o n d r i a l membrane. 
Upon r e e s t a b l i s h i n g Λψ", the precursors are imported from t h e i r binding s i t e s 
(5, 21). 
F i n a l l y , the processing peptidase i n the mitochondrial m a t r i x i s dependent on 
d i v a l e n t cations. Membrane-permeable c h e l a t o r s , such as ortho-phenanthroline, 
i n h i b i t the processing a c t i v i t y i n i n t a c t mitochondria. Precursors can thus 
be imported i n t o the mitochondrial matrix without the removal of t h e i r 
ami no-termina 1 presequences (11, 22). 
IMPORT INTERMEDIATES AT THE LEVEL OF SPECIFIC BINDING 
At low temperatures (0° to 4°C), the precursor of the outer membrane p r o t e i n 
porin s p e c i f i c a l l y binds to the mitochondrial surface. The binding s i t e s are 
saturable, and the a f f i n i t y constant has been determined. The precursor can be 
completely imported and assembled a f t e r r a i s i n g the temperature t o 25°C. 
Furthermore, the binding step i s i n h i b i t e d by a mild protease-pretreatment of 
the mitochondria ( 9 ) . These data s t r o n g l y suggest the involvement of a 
proteinaceous high a f f i n i t y binding s i t e ( r e c e p t o r ) i n the import of porin i n t o 
the outer membrane. 
A f t e r d i s s i p a t i o n of the membrane p o t e n t i a l , the precursor of the inner 
membrane p r o t e i n ADP/ATP c a r r i e r s t i l l binds to the outer mitochondrial 
membrane. Upon reestab 1 ishment of Αψΐ the A'.^ATP c a r r i e r is imported from the 
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binding s i t e s w i t h o u t p r i o r release from the mitochondrial membranes ( 5 ) . When 
binding i s performed a t 25°C, the precursor i n s e r t s i n t o saturable 
proteinaceous s i t e s i n the outer membrane, which are beyond the i n i t i a l 
protease-sensi t i v e b i nding s i t e s . However, when the d i s s i p a t i o n of A ^ i s 
combined w i t h a lowering of the temperature ( t o 2°C) or of the l e v e l s of ATP, 
the precursor remains on the surface of the mitochondria accessible t o 
e x t e r n a l l y added proteases. Raising the temperature or the l e v e l s of ATP leads 
t o i n s e r t i o n of the precursor i n t o the second binding s i t e s described above (3, 
8) . These studies show the existence of two subsequent binding s i t e s on the 
import pathway of ADP/ATP c a r r i e r . 
S i m i l a r l y , the precursor of F -ATPase subunit 9 (an inner membrane p r o t e i n ) 
s p e c i f i c a l l y binds to mitochondria i n the absence of Λ ψ \ and can be imported, 
from the binding s i t e s , i n the presence of Δψ*. The same r e s u l t i s obtained f o r 
a f u s i o n p r o t e i n between the complete subunit. 9 precursor and c y t o s o l i c 
d i h y d r o f o l a t e reductase (DHFR). Two fus i o n p r o t e i n s between the presequence of 
subunit 9 and DHFR are imported i n the presence of Δ\|Λ In the absence of Λψ", 
however, t h e i r s p e c i f i c b i n d i n g to the mitochondrial surface i s very weak. 
Furthermore, the import k i n e t i c s of the two precursors l a c k i n g the 
(hydrophobic) mature p a r t of subunit 9 are slov/er than those of the two 
precursors c o n t a i n i n g the mature p a r t . Upon studying the e f f i c i e n c y o f s p e c i f i c 
binding and the k i n e t i c s of import of other precursor p r o t e i n s , we a r r i v e d at 
the f o l l o w i n g proposal: m i t o c h o n d r i a l precursor p r o t e i n s can be grouped i n t o at 
le a s t two d i f f e r e n t classes. Class I precursors contain a hydrophobic s t r e t c h 
of about 20 amino acid residues, show a strong i n t e r a c t i o n w i t h binding s i t e s 
on the mitochondrial surface and a rapid import. Class I I precursors lack a 
long hydrophobic s t r e t c h , show only a weak i n t e r a c t i o n w i t h binding s i t e s and a 
slow import ( 2 1 ) . These studies suggest t h a t (hydrophobic) ' a s s i s t a n t ' 
sequences increase the a f f i n i t y of binding t o receptor s i t e s and support a 
rapic! import of precursors. 
IMPORT INTERMEDIATES IN TRANSLOCATION CONTACT SITES 
Sites of close contact between mitochondrial outer and inner membranes were 
described many years ago (2 3 ) . The accumulation of precursor p r o t e i n s i n 
contact s i t e s assigned, f o r the f i r s t time, a biochemical f u n c t i o n t o these 
s i t e s by demonstrating t h e i r involvement i n mitochondial p r o t e i n import (10). 
Protein import was performed a t low temperatures (2° t o 12°C) or at low le v e l s 
of nucleoside triphosphates. Consequently, the amino-terminal p o r t i o n s of 
precursor proteins were t r a n s l o c a t e d i n t o the matrix, where the presequences 
were cleaved o f f by the processing peptidase. Major p o r t i o n s of the precursors, 
however, were s t i l l outside the outer membrane as they were accessible to 
proteases or t o antibodies added t o i s o l a t e d mitochondria. Thus, the precursor 
p r o t e i n s were reaching from the outside of the outer membrane i n t o the matrix 
thereby spanning s i t e s of close contact between both membranes ( t r a n s l o c a t i o n 
contact s i t e s ) (3, 8, 10-12). The t r a n s l o c a t i o n intermediates w i t h bound 
antibodies were decorated w i t h protein-A-gold p a r t i c l e s . Electron microscopy 
allowed t h e i r v i s u a l i z a t i o n and served t o confirm t h a t the contact s i t e s 
p r e v i o u s l y described m o r p h o l o g i c a l l y represented the contact s i t e s now defined 
biochemically ( 1 2 ) . The t r a n s l o c a t i o n intermediates i n contact s i t e s are 
accessible to aqueous perturbants, such as a l k a l i or urea. Thus, p r o t e i n import 
does not seem t o d i r e c t l y occur through the l i p i d b i l a y e r , but ra t h e r through a 
h y d r o p h i l i c (probably proteinaceous) environment (24). 
Only the i n i t i a l entrance of precursors i n t o contact s i t e s requires the 
membrane p o t e n t i a l across the inner membrane; the completion of p r o t e i n 
t r a n s p o r t i n t o or across the inner membrane does not re q u i r e the membrane 
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p o t e n t i a l (10). Furthermore, i t was demonstrated t h a t o n l y the e l e c t r i c a l 
component a)|f of the t o t a l protonmotive force was necessary f o r p r o t e i n import 
(16). These r e s u l t s led us t o propose t h a t the membrane p o t e n t i a 1 Δ"γexerts an 
e l e c t r o p h o r e t i c e f f e c t on p o s i t i v e l y charged regions of the precursor p r o t e i n s 
(such as the presequences). 
IMPORT INTERMEDIATES IN THE MITOCHONDRIAL MATRIX 
Upon import i n t o mitochondria, the ami no-terminal presequences of precursor 
proteins are cleaved o f f by the metal-dependent processing peptidase i n the 
matrix. P r o t e o l y t i c processing, however, i s not a p r e r e q u i s i t e f o r 
t r a n s l o c a t i o n of precursors across the mitochondrial membranes (2 2 ) . When 
processing a c t i v i t y i s blocked by metal c h e l a t o r s , precursors of subunits 2 and 
9 of F F--ATPase are s t i l l imported 2_n v i t r o i n t o a p o s i t i o n 
protec?ed against e x t e r n a l l y added protease. 
Complete import i n the absence of p r o t e o l y t i c processing can also be shov/n f o r 
precursors destined f o r the mitochondrial intermembrane space. The a b i l i t y t o 
block the processing peptidase i s used as a t o o l t o d i s s e c t the import pathway 
of these p r o t e i n s i n t o intermediate steps. Such experiments w i t h the Rieske 
Fe/S-protein of the bc^-complex, a p r o t e i n located a t the outer surface of 
the inner membrane, had a s u r p r i s i n g r e s u l t (11, 25). Following i n h i b i t i o n o f 
the processing peptidase precursor of Fe/S-protein i s accumulated as a sol u b l e 
species i n the mitochondrial matrix, as revealed by d i g i t o n i n f r a c t i o n a t i o n of 
mitochondria. Upon r e a c t i v a t i o n of the processing peptidase by d i v a l e n t 
cations, the precursor i s processed t o the mature subunit which i s c o r r e c t l y 
sorted i n t o the intermembrane space. The Fe/S-protein, thus, during import and 
s o r t i n g , crosses the inner membrane twice. I n t e r e s t i n g l y , p r o t e o l y t i c 
processing of the precursor occurs i n two steps. The f i r s t cleavage i s 
performed by the processing peptidase and r e s u l t s i n the formation of an 
intermediate-sized species w i t h an e i g h t amino acid residue amino-terminal 
extension. The second processing step also occurs i n s i d e the inner membrane and 
i s very l i k e l y dependent on the attachment of the 2Fe-2S c l u s t e r t o the 
molecule ( H a r t l and Neupert, unpublished). A d d i t i o n of the strong i r o n c h e l a t o r 
ortho-phenanthrol ine during import causes accumulation of intermediate-sized 
Fe/S-protein i n the matrix. 
S i m i l a r r e s u l t s are obtained f o r the import of cytochrome b^ and cytochrome 
c.j (26). Cytochrome b^ i s a soluble component of the intermembrane 
space while cytochrome i s anchored to the inner membrane but faces the 
intermembrane space w i t h a large h y d r o p h i l i c domain. The presequences of t h e i r 
precursors can be divided i n t o two part s . The ami no-termina 1 p a r t contains 
several p o s i t i v e charges and e x h i b i t s the t y p i c a l f eatures of mitoc h o n d r i a l 
t a r g e t i n g sequences, however, the carboxy-termina 1 p a rts ( i n c o n t r a s t t o the 
precursor of Fe/S-protein) contain a hydrophobic s t r e t c h o f about 20 amino acid 
residues. Precursors of both cytochrome b^ and cytochrome c^  are f i r s t 
imported via t r a n s l o c a t i o n contact s i t e s i n t o the ma t r i x of mitochondria. There 
the action of processing peptidase generates the re s p e c t i v e intermediate-sized 
forms where the amino-terminal peptide extensions s t i l l c ontain the hydrophobic 
part of the presequence. These intermediate-sized species are subsequently 
translocated back across the inner membrane i n t o the intermembrane space. 
Unlike the Fe/S-protein, processing to the mature-sized forms occurs at the 
outer surface of the inner membrane. Targeting i n f o r m a t i o n f o r the reverse 
t r a n s l o c a t i o n very l i k e l y resides i n the hydrophobic prepiece of the 
intermediates. 
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We suggest t h a t the mechanism of the export from the mitochondrial matrix 
shares a common o r i g i n w i t h the mechanism of p r o t e i n export from the cytoplasm 
to the periplasmic space i n procaryotes. In l i g h t of the hypothesis f o r the 
endosymbiotic o r i g i n of mitochondria, one may assume t h a t gene t r a n s f e r from 
the endosymbiont t o the nucleus of the host c e l l has occurred during 
development t o mitochondria. Import via t r a n s l o c a t i o n contact s i t e s brings 
precursors back onto t h e i r a n c e s t r a l assembly pathway which i s s t i l l f ollowed 
w i t h regard t o export from the m i t o c h o n d r i a l matrix (corresponding t o the 
b a c t e r i a l cytoplasm) across the inner membrane (corresponding t o the b a c t e r i a l 
plasma membrane) ("Conservative s o r t i n g hypothesis"). 
PERSPECTIVES 
Translocation intermediates of precursor p r o t e i n s accumulated a t d i s t i n c t 
stages of mitochondrial p r o t e i n import are very useful not only f o r e l u c i d a t i n g 
f u n c t i o n a l c h a r a c t e r i s t i c s of p r o t e i n t r a n s p o r t , but are also a p r e r e q u i s i t e 
f o r the i d e n t i f i c a t i o n and p u r i f i c a t i o n of components of the import machinery. 
Import intermediates trapped a t the l e v e l of binding serve as the t e s t system 
f o r i d e n t i f y i n g receptors, e i t h e r v i a c r o s s - l i n k i n g reagents or by e x t r a c t i n g 
the binding s i t e s w i t h mild detergents and r e c o n s t i t u t i n g them i n t o liposomes 
( 9 ) . T r a n s l o c a t i o n intermediates i n contact s i t e s are the marker p r o t e i n s f o r 
e n r i c h i n g contact s i t e components e i t h e r by s u b f r a c t i o n a t i o n of mitochondria 
( s o n i c a t i o n (12) or use of mild detergents) or by c r o s s - l i n k i n g . Thus, 
t r a n s l o c a t i o n intermediates are powerful t o o l s f o r i n v e s t i g a t i n g mitochondrial 
p r o t e i n import a t the molecular l e v e l . 
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68 
R e s u m e 
I I e s t possible de distinguer plusieurs etapes du transport des 
proteines precurseurs du cytoplasme dans l a mitochondrie. Les proteines 
precurseurs peuvent e t r e accumulees ä diverses e tapes des voies 
d 1 importation: au niveau de l a l i a i s o n sur l a surface mitochondriale, des 
s i t e s de contact entre membrane externe e t interne mitochondriale e t dans 
l e ma t r i c e mitochondriale. Des intermediaires d' importation peuvent et r e 
bloques par plusieurs mithodes: diitdnution de l a temperature ou des 
niveaux de nucleosides triphosphates dans l e s reactions d'importation, 
di s s i p a t i o n du potentiel de membrane mitochondriale e t i n h i b i t i o n de l a 
peptidase responsable de l a transformation qui e s t l o c a l i s e e dans l a 
matrice. Les conclusions suivantes peuvent etre deduites: 1) l e s 
precurseurs se l i e n t specifiquement aux proteines receptrices sur l a 
surface mitochondriale; 2) 1' importation intervient sur des s i t e s de 
contact de translocation; 3) une transformation proteolytique η'est pas 
necessaire pour que 1 1 importation dans l a matrice puisse intervener; 4) 
plusieurs procurseurs dont l a destination e s t l'espace intermembranaire 
sont d'abord completement iirportos dans l a matrice pour etre ensuite 
retransloqu^s ä travers l a membrane interne. 
